Anthropometric Mobility During Childhood * While childhood obesity has become a significant public health concern over the last few decades, knowledge concerning the origins of or persistence in childhood anthropometric measures is incomplete. Here, we utilize several nonparametric measures of mobility to assess the evolution of weight, height, and body mass index during early childhood. We find that mobility is quite high prior to primary school and then declines noticeably. However, there are important sources of heterogeneity, including race, gender, and age, that should prove insightful to researchers and policymakers.
Introduction
The prevalence of overweight adolescents has tripled in the last thirty years; it has more than doubled for younger children. De…ned as having an age-and sex-adjusted body mass index (BMI) above the 95 th percentile, the prevalence of overweight children increased from 5% to 12.4% for 2-5 year old children and from 5% to 17 "Obesity is considered to be a worldwide epidemic with little evidence that its incidence is declining or that it has even reached a plateau."
As childhood obesity has received greater attention, its consequences have becoming increasingly well-documented.
Obesity burdens individuals with severe physical, economic, and emotional su¤ering, and puts children and adolescents at risk for a number of health problems such as those a¤ecting cardiovascular health, the endocrine system, and mental health (Deckelbaum and Williams 2001; Krebs and Jacobson 2003) . However, perhaps the largest cost of childhood obesity comes from its impact on adult obesity. Currently, 60% of the total U.S. population is overweight or obese and 50% is expected to be obese in 2030 at the current rate (Dor et al. 2010) . Aside from the health costs of adult obesity, adult obesity results in lower wages, productivity, and self-esteem (Mocan and Tekin 2011) . In the U.S., the total cost attributable to obesity was over $75 billion in 2000 according to Finkelstein et al. (2004) . More recent estimates put the cost over $200 billion (Cawley and Meyerhoefer 2012) .
While the changes in childhood and adult obesity rates across cohorts, as well as the consequences of these increases, are well-documented, much less is known about how anthropometric measures evolve over the life cycle for a given individual. How persistent is childhood obesity? Does this persistence vary by age, race, gender, or location? Are there periods of relatively greater mobility of children within the distributions of weight or height?
These are fundamentally important questions for researchers as well as policymakers. If weight is persistent, then early intervention is preferable to waiting until adolescence or beyond. However, if persistence varies by age, then the optimal timing of policy interventions may be further re…ned such that child weight is reduced prior to the degree of persistence becoming elevated.
For instance, an article in the New York Times on March 22, 2010 states that some evidence now suggests that children may become entrenched "on an obesity trajectory" even before kindergarten; however, the evidence is not "ironclad. 1 anthropometric data is collected at several points in time between kindergarten and eighth grade. Thus, our focus here is on anthropometric mobility from infancy through adolescence. This spans two of the three 'critical'periods of development as it relates to obesity: the so-called age of adiposity rebound (roughly ages four to six) and the transition to adolescence (Dietz 1997 ). 2 Our …ndings are striking. In particular, we obtain three key …ndings. First, while anthropometric mobility is relatively high over the period spanning birth to entry into kindergarten, weight, height, and BMI are highly persistent from kindergarten through middle school. However, there are periods of relatively greater mobility;
anthropometric mobility is higher in periods corresponding to the two post-natal, critical periods posited in Dietz (1997) . Speci…cally, we …nd that mobility is greatest at the start of kindergarten (typically age …ve) and during the transition from elementary to middle school (typically ages 11 to 14). As these periods coincide with movements to new schools for the majority of children, this suggests that interventions synced with transitions to new schools and new routines are likely to be more e¤ective. That said, interventions prior to primary school are likely to be more e¤ective (although not necessarily as cost-e¤ective).
Second, heterogeneity is important. Consequently, a singular approach to the obesity epidemic is unlikely to be successful. Important sources of heterogeneity include: demographics, initial conditions, outcome measure, age range, and metric used to measure persistence. Third, non-whites and girls generally exhibit more anthropometric mobility and lower persistence prior to kindergarten entry; the reverse holds after kindergarten entry. As such, non-whites and female children are more likely to …nd themselves on an "obesity trajectory" earlier in life. The remainder of the paper is organized as follows. Section 2 provides a brief overview of the prior literature. Section 3 presents the empirical methodology and description of the data. Section 4 discusses the results. Section 5 concludes.
Related Literature
The persistence of childhood overweight status into adulthood has been documented in a number of studies. Whitaker et al. (1997) found that the probability of an overweight six year-old child becoming an obese adult is 50% compared to 10% for a non-overweight child. In addition, the risk of becoming obese in adulthood is exacerbated by having an obese parent. Eriksson et al. (2001) found that individuals were three times more likely to be obese as an adult if they had a BMI greater than 16, as opposed to below 14.5, at age seven. Nader et al. (2007) …nd that children who were overweight prior to age of …ve are …ve times as likely to be overweight at 12 relative to children who were not overweight prior to age of …ve. become obese adults, but also that "relatively thin (BMI 50th percentile) white boys were more likely to become overweight adults than were their black counterparts" (p. 928). Thus, anthropometric mobility, both upward and downward, is greater for white children. Gable et al. (2008) analyze the relationship between socioeconomic status, 2 The third 'critical'period represents the period of fetal development in utero.
2 overweight persistence, and school outcomes. The authors …nd that family socioeconomic status is predictive of both the probability of a child being overweight and the probability of persistence of overweight status. In light of these relationships, Dietz and Robinson (2005, p. 2102) suggest that "treatment to achieve weight maintenance is recommended" for two to six year-old overweight children. In January 2010, the U.S. Preventive
Services Task Force have issued new guidelines suggesting that doctors regularly screen the weight of children aged six and over and refer children to specialized weight management programs if needed. 3 
Empirics

Mobility Measures
To examine anthropometric mobility from birth through adolescence, we use several metrics commonly used to measure income mobility. Applying these metrics to di¤erent subgroups of the data, we are also able to analyze di¤erences in mobility across demographic groups, as well as across stages of childhood.
To proceed, de…ne the following notation. Let y t i , denote an anthropometric measure for child i, i = 1; :::; N , in period t, t = 1; :::; T . Further, let F t0;t1 (y t0 ; y t1 ) denote the joint (bivariate) cumulative distribution function (CDF)
for two distinct periods, t 0 and t 1 , where t 0 < t 1 and y
. While movement through the distribution from an initial period, t 0 , to a subsequent period, t 1 , is completely captured by F t0;t1 (y t0 ; y t1 ), this is not practical. One method by which to summarize this joint distribution is via a K K transition matrix, P t0;t1 , with representative element gives the fraction of children in class k in period t 0 who are in class l in period t 1 . Note, inclusion of the denominator in (1) standardizes elements of the transition matrix such that each row and column sums to unity. A complete lack of mobility implies p t0;t1 kl equals unity if k = l and zero otherwise. Finally, we can de…ne conditional transition matrices computed using sub-samples with X = x, where X denotes a vector of individual attributes.
Denote the conditional transition matrix as P t0;t1 (x), with representative element
Implicit in this de…nition is the assumption that X are time invariant attributes. 3 See http://www.ahrq.gov/clinic/uspstf/uspschobes.htm. 4 For example, if K = 10, then the cuto¤ points might correspond to deciles within the two marginal distributions of y t 0 and y t 1 .
3
The shortcoming of transition matrices stems from the fact that they do not capture movements within classes.
Recently, Bhattacharya and Mazumder (2011) present an alternative characterization of the joint distribution F t0;t1 (y t0 ; y t1 ) to better assess upward and downward mobility. Their measure of upward mobility is de…ned as t0;t1
k; l = 1; :::; K;
where F t (y t ) denotes the marginal distribution of y in period t and 2 [0; 1 F 0 ( t0 k )] is a prede…ned constant representing the threshold de…ning upward mobility. In words, (3) captures the probability of an individual in the terminal period exceeding his or her initial percentile by at least , conditional on being located between t0 k 1 and t0 k in the initial period. The corresponding measure of downward mobility is given by
where
In words, (4) captures the probability of an individual in the terminal period reducing his or her initial percentile by at least , conditional on being located between t0 k 1 and t0 k in the initial period. Finally, we can compute conditional measures of upward and downward mobility by conditioning on X = x as in (2) . In the analysis, we set = 0:10; mobility is de…ned as changing one's place in the distribution by at least ten percentile points. The …rst measure is due to Bartholomew (1982) and is a scalar computed using the elements of the transition matrix, P , with representative element given in (1) . Formally, the measure is given by
The Bartholomew (1982) measure captures the average number of classes crossed by all observations (Formby et al. 2004 ). As such, the measure takes into account not only whether children change class, but also the distance moved by children. However, the measure captures relative mobility only; absolute changes in anthropometric outcomes alone do not show up as mobility. The measure is normalized and is bounded between zero and one, with higher values representing greater mobility (Buchinsky and Hunt 1999) .
The second measure is based on the correlation between anthropometric outcomes in periods t 0 and t 1 . Here, we use the Spearman rank correlation coe¢ cient. Upon computation of the correlation coe¢ cient, the measure of mobility is given by
where t0;t1 is the rank correlation. As with the …rst measure, the measure is bounded between zero and one with higher values representing greater mobility as equals zero in both cases when the data are time independent (Fields 4 2000) . Moreover, like the Bartholomew (1982) measure, the correlation-based measure also captures relative mobility only.
The next measure is based on the notion that, with greater mobility, outcomes aggregated over multiple periods should be more equal than outcomes from any individual period. Formally, the measure proposed in Shorrocks (1978) is given by
where I( ) is some measure of inequality, y is a vector of anthropometric outcomes averaged over the periods t 0 to t 1 , t is the mean outcome in period t, and t0;t1 is the mean outcome over the entire period spanning from t 0 to t 1 . The numerator of the ratio in (7) is the level of inequality in observation-speci…c mean outcomes, where the means are computed over the period t 0 to t 1 . The denominator represents a weighted average of inequality computed for each period from t 0 to t 1 . With a complete lack of mobility, the inequality of average outcomes is equal to the (weighted) average of per period inequality; thus, M S = 0. With 'perfect' mobility, there is lots of inequality in any given period (i.e., the denominator in (7) is non-zero), but average outcomes are identical (i.e., the numerator is zero);
thus, M S = 1. Again, the measure is bounded between zero and one with higher values indicating greater mobility.
It is also a relative measure only if the inequality measure is invariant to absolute changes that are rank-preserving.
In the analysis, we use Theil's measure of inequality when computing (7), given by
where x represents some variable.
The …nal two measures come from Cowell and Flachaire (2011) . Both measures can be expressed as
where a large, positive (negative) value of produces an index that is particularly sensitive to downward (upward) movements. To operationalize M CF for a given value of , x t0 and x t1 must be de…ned. In the …rst case, we set Cowell and Flachaire (2011) refer to the second case as capturing rank (relative) mobility; the …rst case measures absolute and relative mobility. In practice, this second measure is implemented by replacing F s ( ) with its empirical counterpart, de…ned as b
where 1( ) is the indicator function. In the analysis, we set = 0.
Data
We utilize data from the restricted version of the ECLS-K. Collected by the U.S. Department of Education, the ECLS-K surveys a nationally representative cohort of children throughout the U.S. in fall and spring kindergarten, fall and spring …rst grade, spring third grade, spring …fth grade, and spring eighth grade. The sample includes data on over 20,000 students who entered kindergarten in roughly 1,000 schools during the 1998-99 school year. In addition to family background information, height and weight measures are available from children in each round, as well as information on birth weight.
Our …nal sample consists of children for whom we have valid measures of age, gender, height, and weight. 5 From the information on height and weight of the children, we create z-scores for weight, height, and BMI. Since negative values create problems in the use of the measures in (7) and (8), we convert z-scores to percentiles. Note that z-scores and percentiles are based on CDC 2000 growth charts; these are age-and gender-speci…c, are adjusted for normal growth, and are based on the underlying reference population. 6 Moreover, whereas percentiles for weight at birth are available, they are not for height and BMI. Finally, to assess heterogeneity in anthropometric mobility, we compute the various mobility measures for the full sample as well as subsamples de…ned on the basis of race (white vs. non-white), gender (male vs. female), and socioeconomic status (low vs. high SES). Tables 1-3 display the results for percentile weight. Table 1 reports the …ve summary measures of mobility; Tables   2 and 3 Turning to the summary measures of mobility in Table 1 for the full sample, two …ndings stand out. First, there exists a clear pattern: mobility follows a U -shaped pattern, being greatest between birth and kindergarten entry and lowest between spring third and …fth grades. For example, using Shorrocks'(1978) measure, mobility is 0.557 over the period spanning birth to fall kindergarten, 0.134 over the period spanning fall kindergarten to spring …rst grade, 0.108 over the period spanning spring …rst to spring third grade, 0.072 over the period spanning spring third to spring …fth grade, and 0.149 over the period spanning spring …fth to spring eighth grade. The estimates are very precise.
Results
Percentile Weight
Given the structure of schooling faced by most children in the U.S., this suggests that mobility is relatively high during infancy as well as during times of transition (i.e., at the start of primary school and then again at the start of 5 The initial sample size of the ECLS-K is 21,260. After cleaning age, weight, and height as described in Millimet and Tchernis (2013, Appendix C), and due to sample attrition, the sample size falls to 9,360 in the …nal wave of the data. Restricting the sample to a balanced panel reduces the sample size to approximately 9,160. Restricting the sample to those with valid birth weight reduces the sample size per wave to roughly 8, 370 . Note, all sample sizes are rounded to the nearest 10 per NCES restricted data regulations. 6 z-scores and their percentiles are obtained using the -zanthro-command in Stata.
6 middle school). This timing also coincides with two of the three 'critical'periods for the onset of childhood obesity;
namely, the period of so-called adiposity rebound, typically occurring between ages four and six, and the transition into adolescence (Dietz 1997) . In terms of policy advice, this suggests that interventions prior to kindergarten may have the greatest potential to in ‡uence future weight. Once children reach kindergarten age, mobility peaks during times of transition to a new school: kindergarten entry and the transition to middle school. Thus, interventions for school-age children have the potential to be more e¤ective if they occur at a time when children are developing new routines in new school environments.
Second, the various measures generally agree as it relates to changes in the degree of mobility across time periods.
However, the amount of mobility between fall kindergarten and spring …rst grade as compared with between spring …fth and eighth grade depends on the measure utilized. Whereas the Bartholomew (1982) and Shorrocks (1978) measures point to greater mobility during the transition to middle school, the other measures indicate greater mobility at the start of kindergarten.
Examining upward and downward mobility in Tables 2 and 3 permits a more detailed examination of mobility patterns. Speci…cally, the …gures in the tables represent the probability of moving up or down by more than ten percentile points from the initial period to the terminal period conditional on the quintile the child belongs to in the initial period. In terms of upward mobility in Table 2 , three noticeable patterns emerge. First, there is a negative, monotonic relationship across the quintiles when examining changes from birth through spring eighth grade, birth through fall kindergarten, and fall kindergarten through spring eighth grade. For example, the probability of moving up at least ten percentile points in the distribution from fall kindergarten to spring eighth grade is 0.457 for children initially in the …rst quintile in fall kindergarten, 0.398 for the second quintile, 0.314 for the third quintile, 0.194 for the fourth quintile, and 0.038 for the top quintile. While it is understandable that upward mobility is lowest for children initially in the …fth quintile (since only those below the 90 th percentile have the ability to move up at least ten percentile points), there is nothing that guarantees that upward mobility must decline as one moves up the distribution in the initial period.
Second, despite upward mobility declining monotonically across the initial distribution when examining the period spanning fall kindergarten to spring eighth grade, when we assess upward mobility across di¤erent sub-periods during primary school, we …nd mobility is greatest for those initially in the second quintile. Finally, we continue to …nd strong evidence of a U -shaped relationship in mobility across time periods, consistent with the 'critical'periods of child development discussed earlier. In particular, upward mobility is lowest over the period spanning spring third to spring …fth grades. For example, the probability of moving up at least ten percentile points in the distribution for a child in fourth quintile in the initial period is 0.227 over the period from birth through kindergarten entry, 0.120 over the period spanning fall kindergarten to spring …rst grade, 0.112 over the period spanning spring …rst to spring third grade, 0.105 over the period spanning spring third to spring …fth grade, and 0.158 over the period spanning spring …fth to spring eighth grade. Thus, children in this category are about 50% more upwardly mobile during the transition to middle school than during the middle years of elementary school.
Examining downward mobility in Table 3 , three patterns are noticeable. First, downward mobility is strictly increasing across the distribution over the periods spanning birth through spring eighth grade, birth through kinder-garten entry, and fall kindergarten through spring eighth grade. However, there is an inverted U -shaped relationship across the quintiles, peaking at the fourth quintile, when examining mobility from fall kindergarten to spring eighth grade. For example, the probability of moving down at least ten percentile points in the distribution is 0.062 for children initially in the …rst quintile, 0.287 for the second quintile, 0.374 for the third quintile, 0.479 for the fourth quintile, and 0.390 for the top quintile. Second, despite downward mobility peaking at the fourth quintile when examining the period from fall kindergarten through spring eighth grade, downward mobility tends to be largest at the third quintile when we examine later sub-periods. Speci…cally, downward mobility is greatest for those initially in the fourth quintile during early primary school and greatest for those initially in the third quintile during later primary and middle school.
Finally, as with the prior mobility measures, we …nd strong evidence of a U -shaped relationship in downward mobility across time periods for most quintiles. In particular, for all quintiles downward mobility is lowest over the period spanning spring third to spring …fth grades. For example, the probability of moving down at least ten percentile points for a child in the highest quintile in the initial period is 0.700 over the period from birth through kindergarten entry, 0.108 over the period spanning fall kindergarten to spring …rst grade, 0.091 over the period spanning spring …rst to spring third grade, 0.067 over the period spanning spring third to spring …fth grade, and 0.140 over the period spanning spring …fth to spring eighth grade. Thus, children in this category are more than twice as downwardly mobile during the transition to middle school than during the middle years at elementary school.
As stated above, the fact that mobility during primary school tends to be the greatest at the start of kindergarten and then over the period most likely spanning the start of middle school suggests that interventions coinciding with transitions in schooling, which also coincide with critical periods of biological development, are likely to have the greatest e¢ cacy. However, mobility between birth and entry into kindergarten is much higher than during primary school suggesting the potential for greater impacts from interventions prior to elementary school.
Next, we turn to the results for di¤erent demographic groups. In the interest of brevity, we highlight a few salient …ndings. First, the patterns of mobility are quite distinct for whites and non-whites. All summary measures in Table 1 indicate greater mobility for non-whites over the period from birth to kindergarten entry and less mobility over the period from fall kindergarten through spring eighth grade. For example, the …rst Cowell and Flaichaire (2011) measure, CF (0), is 0.537 (0.417) for non-whites (whites) prior to kindergarten entry, but 0.133 (0.154) during primary school. Tables 2 and 3 provide greater insights into this pattern. Speci…cally, the greater mobility prior to kindergarten is driven predominantly by greater upward mobility by those initially in the …rst and second quintiles ( Table 2 ). The lower mobility during elementary school holds across nearly the entire distribution as non-whites have lower upward and downward mobility over this time period.
Second, a similar pattern emerges when comparing boys to girls. All summary measures indicate greater mobility for girls prior to kindergarten; the reverse holds during primary school (Table 1) . Tables 2 and 3 indicate that this is due to greater upward mobility by girls between birth and kindergarten entry, whereas boys have greater upward and downward mobility across the majority of quintiles during primary school. Finally, there is little de…nitive pattern to the results when we di¤erentiate by SES status. 
Percentile Height
Tables 4-6 present the analogous results for percentile height. Turning to the summary measures of mobility in Table   4 for the full sample, there exists a clear pattern that is distinct from that for weight: mobility is relatively constant over time between kindergarten and spring …fth grade. Mobility then roughly doubles over the period spanning spring …fth to eighth grade. For example, using Shorrocks'(1978) measure, mobility is 0.062 over the period spanning fall kindergarten to spring …rst grade, 0.072 over the period spanning spring …rst to spring third grade, 0.088 over the period spanning spring third to spring …fth grade, and 0.172 over the period spanning spring …fth to spring eighth grade. This spike in mobility during the transition to middle school coincides with the spike in weight mobility found in Table 1 . As before, the estimates are very precise.
Examining upward and downward mobility in Tables 5 and 6 permits a more detailed examination of mobility patterns. In terms of upward mobility in Table 5 , again two noticeable patterns emerge. First, there exists an inverted U -shaped relationship across the distribution within any given time period. For example, upward mobility over the period spanning spring …fth to spring eighth grade is 0.304 for the …rst quintile, 0.404 for the second quintile, 0.355
for the third quintile, 0.260 for the fourth quintile, and 0.044 for the …fth quintile. Second, as in Table 4 , upward mobility tends to be relatively constant across time periods within a quintile until peaking during the period from spring …fth to spring eighth grade. For instance, for the fourth quintile, the probability of moving up at least ten percentile points in the distribution is 0.122 over the period spanning fall kindergarten to spring …rst grade, 0.104 over the period spanning spring …rst to spring third grade, 0.136 over the period spanning spring third to spring …fth grade, and 0.260 over the period spanning spring …fth to spring eighth grade. Thus, children in this category are about 50% more upwardly mobile during the transition to middle school than during the middle years of elementary school.
Examining downward mobility in Table 6 , we point to two main …ndings. First, downward mobility is strictly increasing across the distribution over the periods spanning fall kindergarten through spring eighth grade. However, there is an inverted U -shaped relationship across the quintiles, peaking at the fourth quintile, when examining downward mobility over the earlier sub-periods in the sample. For example, the probability of moving down at least ten percentile points in the distribution over the period spanned by spring third to spring …fth grade is 0.011 for children initially in the …rst quintile, 0.131 for the second quintile, 0.212 for the third quintile, 0.215 for the fourth quintile, and 0.118 for the top quintile. Second, as with upward mobility, downward mobility tends to be relatively constant across time periods within a quintile until peaking during the period from spring …fth to spring eighth grade.
For instance, for the fourth quintile, the probability of moving down at least ten percentile points in the distribution is 0.185 over the period spanning fall kindergarten to spring …rst grade, 0.178 over the period spanning spring …rst to spring third grade, 0.215 over the period spanning spring third to spring …fth grade, and 0.333 over the period spanning spring …fth to spring eighth grade.
Next, we turn to the results for di¤erent demographic groups. In the interest of continued brevity, we focus on a few key results. First, there is little di¤erence in the summary mobility measures, or upward and downward mobility, along racial lines over the period spanning fall kindergarten to spring eighth grade. However, the summary mobility measures in every sub-period, and upward and downward mobility in many sub-periods for many quintiles, 9 are higher for non-whites. This pattern could materialize for two reasons. On the one hand, (relative) height may be much more volatile over short intervals for non-whites, although not over long intervals. On the other hand, height may be more noisy from one period to the next due to greater measurement error.
Second, there are large di¤erences in mobility along gender lines. Speci…cally, mobility over the period from spring …fth to spring eighth grade is much greater for girls. For example, the summary measures are about 50 -80%
higher for girls over this time period (Table 4) . This is driven mainly by di¤erential upward mobility, which is about 10 percentage points higher for girls across the bottom four quintiles (Table 5) . However, girls initially in the top quintile as of spring …fth grade are also much more likely to experience downward mobility between spring …fth and spring eighth grade ( Table 6 ). The greater mobility for girls over this time period is presumably due to variation in the onset of puberty, which may begin earlier for girls than boys (Herman-Giddens 2006). It is also consistent with the period of transition into adolescence being of greater biological signi…cance for girls'height. Finally, as with weight, there is little de…nitive pattern to the results when we di¤erentiate by SES status.
Percentile BMI
Tables 7-9 present the …nal set of results for percentile BMI. Mobility in BMI re ‡ects di¤erential mobility of weight and height and is of more direct relevance due to the costs mentioned previously associated with obesity. Turning to the summary measures of mobility in Table 7 for the full sample, two …ndings stand out. Examining upward mobility in Table 8 , we notice two patterns. First, as with weight, there is a negative, monotonic relationship across the quintiles when examining changes from fall kindergarten through spring eighth grade, as well as during the …rst two sub-periods. For example, the probability of moving up at least ten percentile points in the distribution from fall kindergarten to spring eighth grade is 0.543 for children initially in the …rst quintile in fall kindergarten, 0.409 for the second quintile, 0.311 for the third quintile, 0.189 for the fourth quintile, and 0.032 for the top quintile. Upward mobility is greatest for those initially in the second quintile for the …nal two sub-periods. Second, we continue to …nd strong evidence of a U -shaped relationship in mobility across time periods, consistent with the 'critical'periods of child development discussed earlier. In particular, upward mobility is lowest over the period spanning spring third to spring …fth grades. Moreover, upward mobility is roughly equal in the …rst and …nal sub-periods with the exception of the …rst quintile; here, mobility is greatest between fall kindergarten and spring …rst grade.
Turning to downward mobility in Table 9 , three patterns are noticeable. First, as with weight, downward mobility follows an inverted U -shaped relationship across the quintiles, peaking at the fourth quintile, when examining mobility from fall kindergarten to spring eighth grade. For example, the probability of moving down at least ten percentile points in the distribution is 0.052 for children initially in the …rst quintile, 0.311 for the second quintile, 0.417 for the third quintile, 0.513 for the fourth quintile, and 0.410 for the top quintile. Second, again consistent with weight, downward mobility tends to be largest at the third quintile when we examine later sub-periods. Finally, as with the prior mobility measures, we …nd strong evidence of a U -shaped relationship in downward mobility across time periods for most quintiles. In particular, for all quintiles downward mobility is lowest over the period spanning spring third to spring …fth grades. For example, the probability of moving down at least ten percentile points for a child in the highest quintile in the initial period is 0.186 over the period spanning fall kindergarten to spring …rst grade, 0.117 over the period spanning spring …rst to spring third grade, 0.090 over the period spanning spring third to spring …fth grade, and 0.142 over the period spanning spring …fth to spring eighth grade.
Lastly, we turn to the results for di¤erent demographic groups. When splitting the sample along racial lines, all summary measures in Table 7 , except Shorrocks (1978) measure, indicate greater mobility for whites over the period from fall kindergarten through spring eighth grade. Speci…cally, the greater mobility is driven predominantly by greater upward mobility throughout the distribution, becoming somewhat more pronounced during the transition to middle school (Table 2) . Whites also experience greater downward mobility, but here the e¤ects tend to be concentrated at the upper quintiles.
The di¤erences are not so stark when we split the sample by gender. Now, while all summary measures indicate greater mobility for boys over the full period spanning kindergarten entry to spring eighth grade, the results vary by sub-period. Boys (Girls) are more mobile according to all measures over the …rst (last) two sub-periods. This is consistent with the period of adiposity rebound being more critical for determining future BMI for boys, whereas the transition into adolescence is more critical for girls. Tables 8 and 9 indicate that this mobility pattern is due primarily to greater downward mobility by boys over the …rst two sub-periods and greater upward and downward mobility by girls over the last two sub-periods. As with weight and height, there is little de…nitive pattern to the results when we di¤erentiate by SES status.
Conclusion
Concern over childhood obesity has risen dramatically over the past decade. However, our knowledge has not kept pace with this concern. In particular, our knowledge over how health evolves over time is sorely lacking. Our analysis here borrows several commonly used nonparametric measures of mobility to assess anthropometric mobility during early childhood using longitudinal data from the ECLS-K.
We arrive at three main takeaway points. First, while there is signi…cant mobility in terms of weight between birth and the start of primary school, there is much less mobility once children are of primary school age. The greater mobility over the period spanning birth to kindergarten entry is consistent with the notion that birth weight alone is not a great indicator of future weight status. As noted in the medical literature, superior measures must account for weight relative to gestation age, head circumference, and other anthropometric indicators (e.g., Brisbois et al.
2012).
Second, heterogeneity is very important. There is no universal measure of persistence or mobility; no single measure can capture the complex movements that occur throughout a given distribution over time. The analysis points to three primary sources of heterogeneity: initial quintile, age range, and demographic group. By initial quintile
we mean that where a child starts in the distribution leads to di¤erences in mobility patterns even conditional on the time period over which one is assessing mobility and conditional on the demographic group to which the child belongs. By age range we mean that mobility patterns vary depending on the time period one is assessing mobility, even holding constant a child's initial place in the distribution and demographic group. Finally, by demographic group, we mean that mobility patterns vary across demographic groups, even conditional on a child's initial place in the distribution and the time period. As discussed above, perhaps the most intriguing …nding is the relative amounts of mobility occurring at the start of primary school (i.e., between fall kindergarten and spring …rst grade) and between the …nal two waves in the data (i.e., spring …fth to spring eighth grade). Thus, interventions aimed at encouraging new, healthy behaviors are perhaps most likely to be e¤ective when implemented during key transition periods such as entry into elementary and middle school, particularly when those transitions also coincide with evidence from the medical literature indicating these as critical periods of biological development. That said, when examining weight alone, mobility is signi…cantly greater over the period spanned by birth to kindergarten entry. Thus, while interventions may be more di¢ cult to implement during this time period, relative to school-based reforms during periods with near universal enrollment, they are likely to be more e¤ective.
Third, the patterns of mobility are quite distinct along racial and gender lines; surprisingly, the di¤erences are less systematic when we di¤erentiate children by SES status. We …nd that whites and boys experience greater anthropometric mobility during primary school (i.e., the full period spanning kindergarten entry through the end of middle school). However, non-whites and girls experience greater anthropometric mobility prior to primary school.
Girls also experience greater mobility during the transition to adolescence despite having lower mobility overall during primary school. This suggests the potential for non-whites, and girls to a lesser extent, to be on an "obesity trajectory" earlier in life.
In light of the results, future work is needed to explore the sources of anthropometric mobility, or the lack thereof, during di¤erent time periods and across di¤erent demographic groups. 
